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AEROiNAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Length- 
Time--- 
Force.-. 

Power. . 
Speed - - 



Symbol 



P 

y 



Metric 



Unit 



meter 

second 

weight of 1 kilogram - 



horsepower (metric), 
(kilometers per hour. 
Imeters per second-- 



Abbrevia- 
tion 



m 
s 

kg 



k.p.h. 
m.p.s. 



English 



Unit 



foot (or mile) 

second (or hour)__ 
weight of 1 pound 

horsepower 

miles per hour 

feet per second- __ 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or hr.) 
lb. 



hp. 

m.p.h. 
f.p.s. 



2. GENERAL SYMBOLS 



W, Weigh t=m<7 

g, Standard acceleration of gravity=9. 80665 
m/s^ or 32.1740 ft./sec.^ 

m, Mass= — 

/, Moment of inertia=mF. (Indicate ^ axis of 

radius of gyration k by proper subscript.) 
/u, Coefficient of viscosity 



Vj Kinematic viscosity 

Density (mass per unit volume) 
Standard density of dry air, 0.12497 



Ivsr-m-' 



15^ C. and 760 mm; or 0.002378 Ib.-ft.-^ sec.^ 
Specific weight of ''standard" air, 1.2255 kg/m^ 
0.07651 Ib./cu. ft. 



at 



or 



3. AERODYNAMIC SYMBOLS 



G, 

h, 
c, 

S' 
V, 

a> 

L, 

D, 

Do, 

D„ 

D„ 

C, 

R, 



Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 



Dynamic pressure^^P^^^ 
Lift, absolute coefficient Cl= 



qS 



D 



Drag, absolute coefficient ^d=-^ 
Profile drag, absolute coefficient C^dq='^ 
Induced drag, absolute coefficient 
Parasite drag, absolute coefficient Cj)^='^ 

C 

Cross-wind force, absolute coefficient ^c=^ 
Resultant force 



Angle of setting of wings (relative to thrust 
line) 

it, Angle of stabilizer setting (relative to thrust 
line) 

Q, Resultant moment 

fi. Resultant angular velocity 

p — > Reynolds Number, where Z is a linear dimension 
^ (e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Cpj Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

a, Angle of attack 

e. Angle of downwash 

ao, Angle of attack, infinite aspect ratio 

af. Angle of attack, induced 

aa, Angle of attack, absolute (measured from zero- 
lift position) 
7, Flight-path angle 
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SUMMARY 

The National Advisory Committee jor Aeronautics is 
undertaking an investigation of the flying qualities of air- 
planes. The work consists in the determination of the 
significant qualities susceptible of measurement, the 
development of the instruments required to make the 
measurements, and the accumulation of data on the flying 
qualities of existing airplanes, which data are to serve 
as a basis for quantitative specifications for the flying 
qualities of future designs. 

A tentative schedule of measurable flying qualities has 
been prepared and the instruments needed for their 
measurement have been assembled. Two sets of instru- 
ments have been used: One set consists of special N, A. C. A. 
recording instruments and the other set consists of gen- 
erally available commercial instruments including those 
usually found on the instrument panels of large airplanes. 
A trial of the schedule and the instruments has been 
made using the Stinson SR-8E airjdane. 

The results showed that, although the original schedule 
and instruments are basically satisfactory, some further 
development is required to eliminate nonessential items 
and to expedite flight testing. The report describes and 
discusses the work done with this airplane, 

INTRODUCTION 

The National Advisory Committee for Aeronautics 
is conducting an investigation of the flying quahties 
of airphmes. The work in connection with this investi- 
gatioji is divided into three phases that arc proceedhig 
simultaneously. The first phase consists m determining 
factors susceptible of measurement that can be used to 
define quantitatively the flying qualities of an air- 
plane. The second phase consists in the development 
of instruments and test procedure for making the 
required measurements. The third phase consists hi 
the accumulation of data on the flying qualities of 
existing airplanes to serve as a basis for the establish- 
ment of quantitative specifications for the flying quali- 
ties of future designs. These data will also be useful 
as a basis for any analysis that may be made regarding 
the particular points which are shown to be in need of 
improvement. 



The flrst work of the investigation was done by 
Warner hi aii advisory ca])n( ity rcLative to the prepa- 
ration of the specifications for llie DC-4 airplane. He 
consulted a considerable number of air-lhie pilots, en- 
gineers connected with both tlie operathig and the 
manufacturhig companies, and research men, hicludhig 
members of the N. A. C. A. staff, in order to obtain 
the general ideas of the hidiistry as to the flying quail- 
ties and the possible tests that could be made to deter- 
nihie them. The results of this survey, which were 
used in tlic pir])aration of the specifications for the 
flymg qualities of tlie DC-4 airplane, were presented 
to the Committee with a request for its cooperation. 
The second phase of the work consisted hi the consid- 
eration of the results of the survey by members of the 
N. A. C. A. staft' and the preparation of a tentative 
schedule of flying qualities and of tests by which they 
could be determined. In the preparation of this 
schedule, primary consideration was given to the defi- 
nition of the flyhig qualiti(*s in terms of factors known 
to be susceptible of measurement by existing N. A. C. A. 
instruments or by histruments that could readily be 
designed and developed. As the N. A. C. A. instru- 
ments are not available to all agencies tliat might b(^ 
interest(Hl in measuring flyhig qualities, consideration 
was also given to tlie possibility of making the meas- 
urements with standard aircraft hidicatijig histruments. 

As a third step, it w^as necessary to make tests to 
demonstrate that the items listed in the tentative 
schedule could be measured with sufficient precision 
and that they defined the flying qualities as intended. 
The flyhig quahties of the Sthison SR-8E airplane wen^ 
determhied hi the fall of 1937. In addition to the 
actual demonstration of the tests and the test procedure 
of the tentative schedule, the possibility of using the 
indicating instruments for obtahniig the information 
required was investigated. The results of the trials 
with this airplane are reported herehi. 

The hivcstigation has since been extended to other 
airplanes. A number of airplanes of various types, of 
course, will have to be examhied before it will be pos- 
sible to prepare satisfactory quantitative specifications 
for the flying qualities of airplanes. 

1 
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INSTRUMENTATION 

The items for w liich measurement is required in order 
to determine the living qualities of an airplane and 
the N. A. C. A. instruments with which these items 
can be measured are given in table I. The table also 
includes a list of standard aircraft instruments and 
other indicating instruments that may be employed in 
place of the N. A. C. A. instruments. 

TABLE I 



Items to be measured 



Air speed... 

Time 

Force to operate the three 

control surfaces. 
Position of the three control 

surfaces. 
Angular motion of the air- 
plane about the three air- 
plane axes. 



Normal acceleration. 

Altitude 

Longitudinal acceleration.. 



N. A. C. A. recording 
instruments 



Air-speed meter 

Timer 

Control-force meters.. 



Control-position meters. 
Turnmeter? 



Accelerometer. 

Altimeter 

Accelerometer. 



Indicating instruments 



Air-speed meter. 
Stop watch. 
Control-force meters. 

Control-position meters. 

Artificial horizon, indi- 
cating pitch and roll. 

Directional pyro or rate- 
of-tiirn indicator, indi- 
catiiii: yaw. 

AcceU'roincUT. 

Altimeter. 

Accelerometer. 



All of the basic group of instruments were available at 
the start of the trials of the Stinson airplane except 





To recording 
pressure 
gages 

E le vofor- force 
measuring unif 

FiGURK 1.— Arrangomont of actuating cylinders of wheel-force recorders. 



Aileron-force 
measuring unit 



those needed for the measurement of the forces required 
to operate the different control surfaces; the existing 
N.A. C.A. control-force recorders were not adaptable 
to the particular airplane. 

For the measurement of the rudder forces, a brake- 
])(Mlal-foiT(^ indicntor, developed by the Bcndix Com- 
pany for autoiU(>l)ile use, was obtained. It operated 
hydraulically, the force bemg applied to a cylinder 
interposed between the pilot's right foot and the rudder 
pcnlal and the readhig being given by an indicating 
pressure gage fitted with a maximum hand. Because 
of the limited time available for preparation and 
because the tests were so planned that they required 
measurement of tho maximum force applied and not of 
the variation of force with time, it was decided to use 



this instrument as an hulicator and not to convert it 
to a recorder. In the installation of the histrument hi 
the Stmson airplane, the actuating cylinder was 
mounted on the right rudder pedal so that all maneuvers 
requiring the measurement of rudder force had to be 
made to the right. 

The mstrument developed for measuring the elevator 
and the aileron forces was constructed according to 
the same general principles as the rudder-force indicator 
and involves the use of four actuating cylinders to 
measure right aileron forces, left aileron forces, elevator 
push, and elevator pull. The arrangement of these 
cylinders on the control wheel is shown schenratically 
in figure 1. The instrument was used in conjunction 
with four recording pressure gages. 

Because the altimeter is used for only one measure- 
ment, it was decided not to install the rccordhig 
instrument but to use a sensitive Kollsman indicating 
altimeter. Where the tests specified the initial con- 
ditions for a maneuver, indicating instruments were 
used for attaining these conditions. 

Of the alternate set of instruments, the air-speed 
meter, the artificial horizon, the directional gyro, and 
the altimeter normally appear on the instrument panel 
of a transport airplane. The artificial horizon with the 
standard dial, however, has no graduations to indicate 
the angle of pitch. In order to make this instrument 
suitable for quantitative measurements, the dial must 
be modified by the addition of graduations of pitch 
angles in degrees. The ijidicating accelerometer and 
the stop watch, although not standard airplane equip- 
ment, are readily obtainable. A rudder-force hulicator, 
as already noted, is also available. A wheel-force indi- 
cator may be developed along tlu^ same lines as the 
recorder previously mentioned. 

In the trial of the hidicating instruments on the 
Stinson airplane, difficulty was (^x])ected in connection 
with the use of the artificial horizon, the directional 
gyro, and the rate-of-tui n indicator. The test program 
required the measurement of small nngular changes, 
particularly in pitching and yawing, and the measure- 
ment of these small values simidtaneously at a particu- 
lar time. A preliminary in\ (>stigation showed that it 
was practically impossible, ^^ liciv the motions are rapid, 
to obtain these readings visually. For the actual tests, 
ther(^fore, these instruments were especially grouped 
on the pilot's instrument board along with the stop 
watch and were photographed with a small motion- 
picture camera. As no difficulty was anticipated in 
the use of the wheel-force indicator or in its develop- 
ment from the wheel-force recorder, this instrument 
was not em])loy(ul in the tests. For similar reasons, 
a control-position huUcator was not used but, in order 
to demonstrate that one could be readily made, an 
instrument was developed and installed in the airplane. 
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(a) From, 

Figure 2.— Threc-quartor 



AIRPLANE 

The Stinson airplane used in the investigation is a 
five-place, externally braced, high-wing, cabin mono- 
plane. It is equipped with partial-span, pneumatically 
operated, balanced flaps and has a single engine fitted 
with a two-position controllable propeller. Gcjieral 
views are given in figure 2. The specifications of the 
airplane, as given in the manufacturer's handbook, 
are included in the following list: 



Name and type Stinson Model SR-8E 5PCLM 

Engine Wright R-760-E2 

Rating 320 horsepower at 2,150 rpm 

Propeller Hamilton controllable (two positions) 

Fuel capacity 82 gallons 

Oil capacity 5 gallons 

Gross weight 3,800 pounds 

Empty weight 2,417 pounds 

Useful load 1,383 pounds 

Allowable center-of-gravity limits 22.1 percent to 33.1 

percent of mean aero- 
dynamic chord. 

Power loading 11.88 pounds per horsepower 

Wing loading 14.70 pounds per square foot 

Length over-all 28 feet, % inch 

Wing span 41 feet, 1034 inches 

Height (tail down) 8 feet, 6 inches 

Wing chord (tapered) 96 inches maximum 

Dihedral 2° 

Incidence 2° 

Wing area (gross, including flaps and ailerons)- 285.5 square feet 

Aileron area (both) 22.02 square feet 

Flap area (both) 23.82 square feet 

Stabilizer area 25.06 square feet 

Elevator area (including balance) 19.77 square feet 

Fin area 10.8 square feet 

Rudder area (including balance) 14.38 square feet 

The measured angular deflection of the control surfaces 
are: 

Flap deflection 38° 

Aileron deflection 36° up, 23° down 

Rudder deflection ±22° 

Elevator deflection i27° (stabilizer tail heavy) 

Stabilizer deflection 0° to nose down 9° 



The relations between control-wheel position and aileron 
{jiid elevator position arc given in figures 3 and 4. 




[\>i Jvrar. 

views of Stinson airplane. 

As flown in the tests, the airplnne w ( i-licd 3,655 pounds 
and the center of gravity was locjiicd ;ii 2.').4 pcMrent of 
the mean aerodynamic chord and 7.2 inches above the 
thrust axis of the airplane. 




180 laO so 0 60 IPO 180 

Wheel position 
Degrees le-fi Degrees r/cjht 



Figure 3.— Relation between aileron and control-wheel positions. 

The tentative schedule of flying qualities aiul tests 
was prepared to include multiengine airplanes equipped 
with trimming tabs on all three sets of control surfaces. 
Complete trial was, of course, not possible with the 
Stinson airplane, which has only one engine and was not 
fitted with aileron and rudder trimming tabs. For 
reference, liowever, the complete tentative schedule 
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has been included in the following prosontation of tlu^ 
trials made with the Stinson. The requirements listed 
arc believed to be essential to a completely satisfactory 
airphme. 

Because of ihr ]>reUiuijiary natm'e of the trials, vari- 
ations of propeller pitch and of airplane weight and 
center-of-gravity positioji were not tricni. All tests 
were made with the propeller in the high-pitch setting. 
The weight and the center-of-gravity location for the 
airplane as flown have already been noted. Two engine 
conditions were investigated: For the first condition, 




Control- \A/hee I pos/fion, in. from dosh 
Figure 4.— Relation between elevator and control«whecl positions. 

the throttle w^as closed and, for the second, the throttle 
was set at the position that gave level flight at cruising 
speed with the flap up. These two throttle settings 
were used in both the flap-up and t])e flap-fh)wn tc^sts. 

LONGITUDINAL-STABILITY AND CONTROL CHARAC- 
TERISTKS 

hOmil r UDI N A L S T A HI LI V Y 

Requirement. — With the ekn aior free, tlu^ airphuu^ 
shall be dynamically stable in pitch at all speeds 
throughout the speed range. The period of tlie longi- 
tudmal oscillation shall never be less than 40 seconds 
and the damping shall be suflicient to reduce the 
amplitude of the oscillation to ojie-fifth the origmal 
amj)Utude hi four cycles. 

(Although (he {tiiiuerical limits have l)een suggested 
in this and the following nMpiin^ments, they are, for 
the most part, considered to be quantitatively unre- 
liable owing to the present lack of data concerning what 
constitutes satisfactory flyhig qualities. It is appreci- 
ated that, hi the final forms for the reciuiriMUi'nts, 
airplanes may have to be classified as to purpose and 
have dift'erent numerical vahies assigned for each 
category.) 

Procedure. — Trim the airplane for the desired speed 
and then push the stick forward by an amoimt suflicient 



to hicrcase the steady s])(mm1 ])y 5 to 10 miles per hour. 
Release the stick and i-eeord the variation of air speed 
with time during the ensuing oscillations as the airplane 
returns to a steady state at the original trimming speed. 

Results and discussion. — As the procedure for the 
measurement of the period and the damping of the 
longitudhial oscillation had been employed before, no 
development was required for the present invi^stigation. 
With regard to measurements of the damping, however, 
it may be necessary for precision to vary the speed by 
more than the 5 or 10 miles per hour suggested in the 
procedure. The amount depends on the speed range 
of the air])lane being tested and the sensitivity of th(^ 
recording or the hidicathig instrument used. 

The method of making the measurements by photo- 
graphing the indicathig instruments did not work out 
as well as expected but it may be further ijnproved. 
Some diflficulty experienced hi obtaming sufficient light 
for photography w^as overcome by ushig the fastest 
commercial film and a ro^latively fast (f:2) lens. Even 
with this arrangement, how ever, no clear pictures were 
obtained of the stop watch. The stop w^atch used was 
unsatisfactory because of the slenderness of the hand, 
the fineness of the dial markings, and because the face 
was white w^ith black markings rather than black with 
wiiiti^ markings. A more suitable watch could ])robably 
have been obtained but not w^ithin the time available 
for the tests. Lighthig conditions are always likely to 
be critical where natural illumhnition is depc^ided upon. 
For this reason, an additional set of instruments, 
especially mounted and artificially illuminated for 
photography, seems to be desirable if the aii-plane size 
permits. 

The results of the longitudinal-stability measure- 
ments are given hi figure 5. Figure^ 5 (a) presents the 
period of oscillation as a function of speed for the four 
test conditions. From the figure, the actual periods 
are noted to be less than ihc sugg(^st(Ml mhiimum value 
for all speeds up to 140 miles ])ei- hour with either power 
off or power on. No difl*er(M)ce occurs between the 
lh\p-up and the flap-down ])eriods for equal speeds. In 
eonneetion with the disagreement between the actual 
aiul the suggested periods, a comparison has been made 
l)rt\veen the data for the Stinson airi)lane and the data 
given in reference 1 for several other airplanes. In 
this rcfer(vnce, it was observed that the designc^r has 
little control over the period of oscillation of a con- 
ventional airplane. An empirical formida for the 
period for the power-ofi* condition, P= 0.262 where 
P is the period hi seconds and V is the velocity in 
miles per hour, w^as given. The straight Une given by 
this equation has been plotted in figure 5 (a). The 
agreement l)el\veen it and the curves for the Stinson 
airplane indicates that the specification of a constant 
period is illogical. 

The damphig characteristics of the longitudinal os- 
ciUations are given in figures 5 (b) and 5 (c). Figure 
5 (b) presents the measured damping coeflficient; and 
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figure 5 (c), the computed rLunih(»r of cycles required 
for an oscillation to damp to onr-lifih ajuplitude. In 
figure 5 (c), it should be noted that the actual plot is 
made of the inverse of tlie number of oscillations. For 
most of the speed range for all conditions, the da]n])hig 
is less than the suggested value. For three conditiojis, 
the airplane is unstable for portions of the speed range. 

The importance of the damping specification is ques- 
tionable in the light of present Iviiowledge. The Stinson 
tests and also those reported in reference 1 show tliat 
an airplane which, from the pilot's viewpohit, has satis- 
factory flying qualities may still be dynamically uii- 
stable. It is not at all certain that airplanes can be 
made longitudhially stable under all coiulitioiis of llight 
w ithout adversely affecting some other (innlii ics. Until 
\\\\^ point is settled, however, the requirement seems 
(hsirable that the airplane be stable in the range 
wherein the airplane may be flown with the elevator 
free. The amount of damping is consid(»red of no 
importance at the present time. 

ELEVATOR CONTROL 
RANGE OF ELEVATOR CONTROL 

Requirement. — The range of the elevator control 
shall be sufhcient to meet the following conditions: 

a. With every setting of the trimming device, it shall 
be possible to maintain steady flight at any speed from 
the design probable diving speed to the minimum speed 
for any power condition, flap up. 

b. With every setthig of the trimming device, it shall 
be possible to maintaui steady flight at any speed from 
the placarded to the muiimum, flap down. 

c. With the coiiventional type of landing gear, it 
shall be possible* to make three-point landuigs and to 
hold the Ijiil down while braking enough to give a de- 
eeleration of 0.3g during the landing run down to a 
speed of 30 miles per hour. 

d. In the take-oft* run, it shall be possible to raise the 
tail off the ground by the time a speed of 30 miles per 
hour is attained. 

e. If a tricycle type of landing gear is used, it shall 
be possible to raise the nose wheel off tlu* ground in a 
tak(»-off run by the time a speed of 30 miles per hour is 
attained. (As has been noted, this and other require- 
ments not relating to the Stinson airplane are included 
for reference.) 

Procedure for items a and b. — Measure the elevator 
angles at different speeds with diflferent tab or stabilizer 
settings and diflVi'ent throttle positions. 

Procedure for item c. — Merely demonstrate the abil- 
ity to make tlu-ee-point landings. For the braking 
tests, run the airplane along the grouiui at a speed of 
approximately 50 miles per hour. Close the throttle 
aiul apply brakes to the maximum extent for which the 
pilot can maintain contact between the tail wheel and 
the gromid. Record the air speed and the longitudinal 
acceleration as the airplane decelerates to less than 30 
miles per hour. 



Procedure for item d.— A))ply full throttle while hold- 
ing the ail plane with the brakes. Release brakes and 
attempt to raise the tail as soon as possible. Record 
spcoi] at wiiirh th(^ tail leaves the groimd. 

Results and discussion. — No difli<'ulty was encoun- 
tered in carrying out the procedure and obtaining the 
information desired. 

The results of the measurements of the elevator posi- 
tion for steady (light for the Stinson airplane for the 




90 100 110 120 
Air speed, mph 

(a) Period of oscillation. 



130 I40 



.08 



O 



Y.04 



T 



I I I I I I I I I { 
o riop up, pov^er off 

^ n „ „ Qf^ 

- X " dovjn, power off — 

□ n n Qp 



70 80 90 100 I/O 120 130 140 
Air speed, mph 

(b) Damping oocincient. 











till 

iap up, power oi 
or 

If Hn MD /no war- 


r 














7 

of 
on 


A-. 


































Spe 


^cif 


ied 


























.- V' 


























































r 


























_ J 


r 
























(c) 





70 80 90 100 /ID 120 
Air speed, mp/i 



ISO 140 



(c) Number of cycles to damp to one-fifth amplitude. 
Figure 5.— Longitudinal-stability characteristics. 

four test conditions are presented in figure 6. Al- 
though complete measurements were not made for all 
stabilizer settings, 5^, because of high control forces, 
figure 6 indicates that the range of elevator control 
should be ample for any desired speed from the mini- 
mum up to the high speed in level flight with the flap 
up. Because of the preliminary nature of the tests, it 
was considered unwarranted to carry the measurements 
to the design proi)able diving speed. With the flap 
down, the airplane could be flown steadily at any speed 
from the minimum to the placarded of 125 miles per 
hour. 
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Tho (lata from the landing: tests showed tliat the air- 
phuie could be landed smoothly in a three-point attitude 
and that the elevator was just sufficient to hold the tail 
wheel in contact witli the iiioiuid whi](» ])raking vigor- 
ously enough to give a deceleialion of ().:;// at 30 miles 
per hour. The elevator was sufficiently powerful to 
lift the tail wheel from the ground in a take-off run at 



amount the elevator deflected relative to the control 
column per unit applied force was determined by 
static tests. The constant thus obtained and the 
recorded eleva tor-con tiol forct^s were used to compute 
the errors in the indivi(hial control-position readings. 

The actual elevator angles as a function of speed are 
shown in figure 6. Because the pilot's opinions of 




(60 60 
Air 3 peed, mph 

(a) Flap up, power off. (b) Flap up, power on. 

(c) Flap down, power off. (d) Flap down, power on. 

Figure 6.— Elevator angles corrected for cable stretch. 



a speed so low that precise measurements could Tiot be 
made. 

VARIATION OF ELEVATOR ANGLE WITH SPEED 

Requirement. — The curve of equilibrium elevator 
angle against speed for every setting of the trimming 
tab shall be smooth and shall everywhere within the 
permissible speed range have a negative slope. 

Procedure. — The information needed for this re- 
quirement is obtained from the measurements of ele- 
vator angle previously discussed under the section 
Range of Elevator Control. 

Results and discussion. — The control-position re- 
corder used for the ni(»asurement of elevator angles 
was, for convenience, connected to the control column 
in the cockpit ratlier than to the elevator. The 
results had to be conecUHl for the stretching of the 
elevator cables. In order to make the correction, the 



stability are influenced by control-column movement, 
which diilVrs from the elevator movement owing to 
the cable stretch, figure 7 has also been included prc- 
s(^nting the variation of control-wheel position, or 
apparent elevator angle, with speed. 

The curves of figure 6 indicate that, for most of the 
test conditions and stabilizer settings, the slopes are 
negative as required. With flaps up and with both 
power on and power off for certain stabilizer settings, 
a small range of speeds apparently exists in which the 
slopes of the curves are slightly positive. The reason 
for the change of sign of the slopes of the curves for 
the particular conditions is unknown. The measure- 
ments and the corrections were possibly in error by an 
amount sufficient to produce the positive slopes. 
Figm-e 7 indicates that, because of the extension of 
the control cables, the airplane with the tail-heavy 
stabilizer settings gave the pilot an impression of 
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greater stability than did the nose-heavy stabilizer 
settings, although figure 6 shows very little change 
in the actual elevator curves with stabilizer setting. 
With the nose-heavy stabilizer setting for the two 
flap-up conditions, the aiiplane appeared unstable to 
the pilot. The comparison between the two sets of 
curves indicates the need for exercising considerable 
care in obtaining and interpreting data relating to 
static longitudinal stability. It is of interest to note 



that neither half of the elevator travel nor half of the 
wheel movement was required during the tests. 

RANGE OF ELEVATOR-CONTROL FORCE 

Requirement. — With every setting of the trimming 
tabs or the stabilizer, it shall be possible to fly the 
airplane from the minimum to the maximum permis- 
sible speed with a change of elevator-control force no 
greater than 100 pounds. 
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Figure 7 —Apparent elevator angles. 
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Procedure. — Measure the elevator-control force at 
differ^^ut speeds with difrerent tab or stabilizer settings 
and different throttle positions. (These measurements 
may be made simultaneously witli the measurements 
of elevator ajigle.) 

Results and discussion. — The control-force recorder 



nicnt would give ei-roju^ous readings. The trouble w^as 
eliminated by arranging for the operation of the in- 
struments by the observer, thus permitting th(^ pilot 
the use of both hands to apply symmetrical loads. 

The residts of the measurements of the elevator forces 
are given in figure 8, which shows that, for the Stinson 
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Figure 8.— Elevator forces. 
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used the first time for these measurements behaved 
satisfactorily. A slight diffic\ilty was experi(?nced at 
the start of the hivestigation because, owhig to the 
arrangement of the electrical system, it was necessary 
for the pil(^t to ;M>])ly the control force with one hand in 
order to have llu^ other free to operate the histriinuMit 
switch. Witli this unsymmetrical application of the 
load, the actuating pistons would bhul and the instru- 



airplane, the range of the elevator-control forces 
depends on the stabilizer settuig. For the nose-heavy 
settings, the I'orcr \ ai-ialion was small. 

As the airplane was trimmed toward the tail-heavy 
condition, the range of the elevator forces rapidly in- 
creased. This hicreased variatioji of force with tail- 
heavy stabilizer settings is accounted for, hi part, by a 
spring system interconnected with the. elevator and 
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Lrijujiiijit^ cojitrol so that, when the sta])iHz('r is sot tail 
heavy, a spring comes mto action and increases the 
force required to pull back on the control column. 
With the Hap down, the suggested range of force was 
met for all stabilizer settings. With the flap up, 
although the tests did not cover the complete llight 
range, it appears that the force variation of less than 
100 pounds would not be met with the tail-heav}' 
stabilizer settings, probably because of the spruig 
just discussed. 

VARIATION OF ELEVATOR-CONTROL FORCE WITH SPEED 

Requirement. — The curves of stick force required 
for steady llight plotted against the speed of flight for 
all tab or stabilizer sett iniis shall besmootli w itlioiit dis- 
continuities or sudden clianges of cui n ;M uic. I1ie 
slopes shall be everywhere negative throughout the 
specified speed range and shall nowhere be less than 
one-fourth ]K)uiu1 per mile per hour. 

Procedure. — The data relating to this requirement 
were obtained from the ]n(>asiirenients of elevator- 
control force made in the section Kange of Elevator- 
Control Force. 

Results and discussion. — Figure 8 shows that the 
same nosi^-ln^avy stabilizer position that gave an un- 
desirable variatioii of wheel position (figs. 7 (a) and (b)) 
also gives an undesirable variation of elevator force. 
It will be noted, however, that with this stabilizer 
setting no balance speed exists. The control column 
must be pulled back throughout the complete speed 
range. On the basis that the stabilizer range should 
be insufficient for balance at speeds above the maxim nm 
level-flight speed, the results for this stabilizer setting 
may be neglected in the present discussion. It might 
be desirable to limit the stabilizer to a setting that would 
permit trimming at the maxinunn s})eed with flap up 
and power on. In order to nud<e such a d(H*ision, how- 
ever, tests would have to be nuule with the most tail- 
heavy positions of eentei* of gravity. With the stab- 
ilizer settings that gave l)alanee between the minimum 
and the maximum speeds, the variation of the (4evator- 
control force wnth speed was satisfactory. 

VARIATION OF ELEVATOR-CONTROL FORCE WITH THROTTLE 
SETTINGS 

Requirement. — ^Thc force required on the stick to 
overcome, witliout cliange of tab or stabiliz(^r sc^tting 
or speed, the effect of any change in the engiiu* operat- 
ing condition from full power to fully throttled shall 
not exceed 100 pounds. 

Procedure. — Tlie data relating to this requirement 
are obtained from the measurements of elevator- 
control force made in the section Range of Elevator- 
Control Force. 

Results and discussion. — The effect of opening the 
throttle is to make the airplane trim more tail heavy. 
The change of force required to jnaintain a given speed 
when the throttle is varied from the closed to the 
powei-on condition varies from 0 to 40 pounds, de- 



pending on the speed and on the settings of the flap 
and the stabilizer. 

RANGE OF STABILIZER OR ELEVATOR TRIMMING TABS 

Requirement. — 

a. It shall be possible to trim tlu^ air{)]ane at a low 
enough s])e(Hl so that no greater foree than the 30- 
pound ))nll would be required in performing a three- 
point landing. 

b. It shall be possible to trim the airplane at its 
maximum level-flight speed. 

Procedure for item a. — Measure the maxinnmi ele- 
vator force in a landing with the stabiliz(^r or trimming 
tab set full tail heavy. 

Procedure for item b. The data relating to this rc- 
(juireinejit w ei'e obtained from the nu\nsurement of 
elevator-control force made in the section Range of 
Eleva tor-Con ti'ol Force. 

Results and discussion. — The range of the stabilizer 
is greater than required with the airplane as loaded for 
tlu* tests. No force measurements were made in the 
actual landings but, with flap down and power off, the 
landing condition, the airplane could be stalled with a 
pidl of the order of 25 pounds with the stabilizer in 
the tail-heavy position. As previously noted, the air- 
plane may be trimmed with the stabilizer at speeds 
above the maximum. 

EFFECTIVENESS OF ELEVATOR CONTROL 

Requirement. — 

a. As an indication of the efi'ectiveness of the eU^ a- 
tor for nnuieuvering the airplane, it shall be possi))l(^ 
to obtahi an acceleration of 0.8 of the design applied 
load factor at any speed with the elevator alone and 
will) th(^ aii'plane originally trimmed for cruising speed, 
when a ioj'ce of not more than 200 pounds and not less 
than 60 pounds is applied to the control wheel. 

b. At low speeds down to 10 miles ])er hour above 
the minimum where the theoretical maximum accelera- 
tion approarhes 1, it shall be possible to change the 
attitude of the air})lane in space with respect to its 
transverse axis in either direction by 5° in V/o seconds 
by use of the elevator alone. 

Procedure for item a. — Trim the airplane for cruising 
speed. Increase speed to the design probable diving 
speed. Make pull-up to 0.8 of the applied load factor, 
using an indicating aeeeleronu^er For refei'cnce. Record 
acceleration, speed, aiul stick foi'ce. Jlcpeat at various 
speeds throughout the speed range. 

Procedure for item b.—Tjim the aii'plane for a sj)eed 
20 miles above the minimum. Apply full-up elevator 
and record angular velocity and air speed. Repeat, 
api)lyii\u' fidl-down elevator. Repeat at various speeds 
to the nnninium. 

Results and discussion. — The tests to determine the 
effectiveness of the elevator for maneuvering were 
made in the manner outlined with no difficulty as far 
as the procedure and the operation of the recording 
instruments were concerned. No measurements w^ere 
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Figure 9. 



-Elevator forces required to obtain nor/na) ac- 
celerations at various speeds. 



Air speed, m p i~f 

made at speeds greater than the niaximum for level 
flight. In the trial of the indicating instruments, the 
camera had to be rigidly mounted. Tliis rigid momit- 
hig may occasion a little difficulty in small airplanes, 
although it was readily accomplished with the Stinson. 
An inspection of the photographs made showed that the 
indicating accelerometer and the artificial horizon with 
the modified dial were siutable for the measurements. 
The photographs were not evaluated because of the 
previously mentioned trouble with the photographs 
of the stop watch. 

The results of the measurements are given in figures 
9 and 10 and in the following table. Figure 9 shows 
the forces reciuired to obtain an acceleration of approxi- 
mately 0.8 of the applied load factor at various speeds 
when the airplane is trimmed for cruising speed. The 
results show that, within the range of the tests, the 
forces fell well below the upper limit of 200 pounds 
and they all were, in fact, below the minimum limit. 
The rec{uirements need some revision. The force 
probably should be defined as a function of speed and 
the values of 200 and 60 pounds made to apply at some 
definite speed. 



Figure 10 shows the manner in which the attitude 
of the airplane can be changed in pitch at low speed 
with the elevator alone. The figure has been prepared 
for only the flap-up power-oft* condition. The lengths 
of time given by figure 10 to rotate the airplane through 
angles of and 10° in pitch are listed in table 11. 
Similar data arc also given for the other three test 
conditions. 

TABLE II 



Test condition 


Speed 
(mph) 


5 




10° 


Pull-up 
(sec) 


Push- 
down 
(sec) 


Pull-up 
(sec) 


Push- 
. down 
(sec) 


Flap up, power ofT... 


71 


0. 51 


0. 44 


0.81 


0.72 


77 


.46 


.46 


.64 


.71 




81 


.39 


.46 


.59 
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.38 


.46 


.53 




Flap up, power on 
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.56 
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.46 




"'".'73 
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.58 
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Figure 10.— Variation of attitude with time following abrupt 
elevator deflections at low speeds. Flap up, power ofl. 
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The values given in table II do not represent ultimate 
conditions. The pilot made the maneuvers only as 
abrupt as he thought necessary to meet the requirement. 
Even then, the values of time obtained for a 5° change 
of attitude were in the order of one-third of the Iji 
seconds specified. 

LATERAL STABILITY AND CONTROL CHARACTERISTICS 

LATERAL STABIUTY 

Requirement. — 

a. The airplane shall be laterally stable for the same 
conditions for which longitudinal stability is required. 
The period of the lateral oscillations shall not be less 
than 20 seconds and the damping shall be sufficient to 
reduce the amplitude of the oscillation to one-half 
tlie original amplitude in two cycles. 

b. Between the minimum trimming speed and the 
minimum speed, the airplane shall show no negative 
dihedral effect nor any autorotative tendencies. 

c. From the minimum speed to the limit of the 
elevator control, there shall be no sudden development 
of marked autorotative tendencies nor any sudden 
cliauge iu lateral stability characteristics. 

Procedure for item a. — Trim the airplane about all 
three axes for flight at the desired speed. Start a 
lateral oscillation by rolling the airplane with the 
ailerons, by yawing the airplane with the rudder, or b}^ 
placing the airplane in a sideslip through the combined 
use of the rudder and ailerons. Free the controls and 
i^ecord the ensuing angular motion in yawing and pitch- 
ing and the air speed. Because of unsymmetrical 
rigging and power effects, these tests should be made to 
both sides. 

Procedure for items b and c. — Obtain information by 
direct observation of low-speed and stalled-flight 
characteristics. A sample copy of the data sheet used 
for the Stinson airplane is given in table III. 

TABLE III 

FORM USED FOR OBSERVATIONS OF LOW-SPEED 
AND STALLING CHARACTERISTICS 

flap up, power off: 

1. Can normal turns with 15° bank be made within 5 miles 

per hour of stall? 

2. As speed is decreased to stall, will airplane bank normall}' 

with rudder movements? 

3. Do ailerons lose effectiveness progressively? 

4. Is there any tendency for airplane to fall off and spin 

before minimum speed is reached? 

5. Is stall progressive or sudden and violent? 

6. Beyond the stall, what is relative effectiveness of rudder 

and ailerons? 

7. With stick hard back, can airplane be flown reasonably 

steadily for 10 seconds? 

8. Is tail buffeting violent? 

Results and discussion. —It will be noted in require- 
ment a that no diflVrentiation is made between the 
diUerent types of eon ti'ol-ind need disturbances. This 



procedure is in accordance with the theory which pre- 
dicts tliat the ultimate motion is independent of the 
type of disturbance. Because of the usual procedure 
in the past of diH'ei'tMil int iuir l)('t\\(>cii Xhc lateral and 
the spiral motion, some uncci laiiil y was felt regarding 
this conclusion from the theory. With the Stinson, 
til ere fore, the three types of disturbances given under 
the procedure were tested. The requirement also pre- 
supposed that the airplane could be laterally balanced 
at any speed through the use of aileron and rudder 
tabs. As the Stinson airplane was not fitted with 
these additional controls, three series of aileron maneu- 
vers were made. In the first series, all controls were 
freed after the airplane attained a bank angle of 15°; 
in the second series, the ailerons were returned to neu- 
tral and held there during the ensuing motion; and, in 
the third series, the ailerons were frecni but the rudder 
was held neutral. 

The test procedure given for item a was satisfac- 
torily employed for the tests. Visual observations had 
to be made of the spiral motion. The recorded yawing 
velocity was used as the basic parameter for the com- 
putations of the characteristics of the lateral oscilla- 
tions. With regard to the indicating instruments, the 
movement of the indicator on the directional gyro was 
found to be too small for the angular displacements 
involved in the oscillation to permit obtaining quanti- 
tative data. It is believed that, if the dial of the rate-of- 
turn indicator were graduated for angular velocity, this 
instrument could be used for the measurements. Com- 
putations of the period of oscillation made from the 
data for this instrument gave fair agreement with the 
results obtained from the recording instruments. 

The tests showed that the Stinson airplane was 
laterally unstable with the flap up below speeds of 140 
miles per hour. With the flap down, it was unstable 
at the highest test speed, 110 miles per hour. This 
instability took the form of a spiral divergence, as was 
determined from observations and not from the instru- 
ment records. In connection with the spiral charac- 
teristics of the airplane, it was noted that the ultimate 
motion of the airplane depended upon the amount of 
bank obtained before the controls were freed. For 
both aileron rolls and sideslips, the initial angle of bank 
was greater than 10°. For these maneuvers, the eon- 
sequent spiral tightened up somewhat when the controls 
were freed before an ultimate steady condition was 
attained. In the abrupt rudder kicks, the first motion 
was primarily yawing. Only a small amount of roll 
occurred in the first second. If the rudder was freed 
before the airplane had time to bniik iippn^'inbly, the 
spiral motion was imperceptible so that, wIkmi the 
lateral oscillation damped out, the airplane icmaiurd 
in sensibly straight flight. When the rudder deduction 
was held long enough for the airplane to attaiji an 
angle of bank equivalent to that obtained in the aileron 
maneuvers, the airplane behaved a]){)r(^xijiiately the 
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same as in the aileron tests. The results of the measure- 
ments of the lateral oscillation are given in figure 11. 
Figure 11 (a) shows the period of oscillation; figure 11 
(b), the (lamping cocdicient ; and figure 11 (e), the 
number of cycles to ihuup to one-half amplitude. It 
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(c) Number of cycles to damp to one-half anii)litiide. 
Figure 11.— Lateral-stability characteristics. 

will be noted from these figures that the charact(U-istics 
of the lateral oscillation were independent of the type 
of maneuver used to set up the disturbance. In all 
cases and at all speeds, the period is below the suggested 
minimum of 20 seconds. The damping, except for a 
15-milc-per-hour range with flap down and ])ow(^r off, 
is greater than suggested. 

From the results of this mvestigation, the conclusion 
is drawn that the complete information on lateral- 
stability characteristics can be obtained from any of 
the three maneuvers so that ui the future the perform- 



ance of the other two will be unnecessary. It is 
suggested that the aileron maneuvers, which are the 
least violent of the three, be used for the purpose. 

No difference was noted in the lateral-stability 
characteristics when the ailerons were held neutral 
instead of being free. Presumably the control friction 
was so small that the ailerons returned to neutral of 
their own accord. With the rudder held neutral, the 
increase of the effective fin area was indicated by slight 
changes in the speed at which the airplane became 
stable and in the period of the lateral oscillation. 

The observations made for items b and c showed that 
the airplane had no negative dihedral efiect at any 
point hi the Hying range to the limit of the elevator 
travel. Autorotative tendencies were noted at nnd 
beyond the stall in straight flight. Stall could be in- 
duced 3 to 4 miles per hour above the minimum speed 
by abrupt full use of the ailerons. The stall was pro- 
gressive and not particularly violent. 
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Figure 12.— Dihedral effect; recovery from a 15° bank through the action of roll due 

to sideslip. 

LIMITS FOR KOLL DUE TO SIDESUP (DIHEDRAL EFFECT) 

Requirement. — 

a. The dihedral eftect shall be sufficient that, when 
the ailerons are freed immediately after putthig the 
airplane in a 15° bank and using the rudder to avoid a 
change of headhig, the angle of bank shall be reduc(Hl to 
2° within 15 seconds nnd with a loss of altitude of not 
oxi^Y 300 feet. 

b. The rolhng accelenition a('('()mi)anying a,})nij)t 
rudder displacemeiit shall be less than one-half the 
yawing acceleration . 

Procedure for item a. — Place the airplane in a steady 
sideslip with one wing down 15°. Release the ailerons 
and record the rolling motion of the airplane and the 
altitude lost in recovery to straight fiight. 

Procedure for item b. — In the steady-flight condition, 
ap])ly full rudder abruptly and r(^cord the resultant 
yawing and rolling juotion. 

Results and discussion. — ^The tests regarding the 
minimum dihedral effect, itc^m a, were made with no 
])articular difficulty except that, at low speeds, the 
rudder was hisufficient to prevent the airplane from 
yawing in a 15° bank. Inspection of the photographs 
of the indicating instruments showed that the artificial 
horizon could probably be used for the measurements, 
but no evaluation was made because of the poor photo- 
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^raplis of tlic stop walcli. The dnl.-i obljiiiuMl from 
the recording instruments are presiMilcd iji iiuiire 12. 
The figure shows that the airplane has an appreciably 
greater dihedral eflVct than iM^cpiii-cd, the maxinmni 
time recorded for the recov(^iy being only 5K sc^cojids 
as against the 15 seconds speeilicnl . The loss of altitude 
during the recoveiy for tlie ])o\ver-()n condition was 
negligible. For the power-off condition, no apparent 
increase occurred in the vertical velocity during recovery. 

The tests to (h^tc^'miru* tlie maxiinnni (lih(Mlc:il cfrcct, 
item b, were ujisatisfactory because ol ilie \ iolcncc oi" 
the maneuv(*r. The measurements were made in con- 
nection with thr nnhler tests and the results will be 
discussed later in the section dealhig with the rudder 
controls. 

AILERON CONTROL 



AILERON POWER 

Requirement. — 

a. At a speed of 70 miles per hour with the 



Ihips 

down and 80 miles per hour with the flaps up, it shall 
be possible to bank the air])lnn(^ 1.")° in 2}^ secojids with 
the ailerons alone and, at 120 jniles per hour or higher, 
the same angle of bank shall be obtained in 2 seconds. 

b. At a speed 2 jniles hour above the stall witli 
the flaps down, it shall possible to bank the airplajie 
10° in 2 seconds with the ailerons alone. 

c. Tiie aileron effectiveness shall be proportional to 
the aileron deflection. 

Procedure. — At the specified speeds, apply full 
aileron control and ri^eord rolHjig A'eloeity and aileron 
position. Kepeat witli %, %, and ]i aileron deflection. 

Results and discussion. — The procedure and the re- 
eofdinu' instruments liad been used in previous aileron 
tests and, as expected, were satisfactory for the purposes 
of the present investigation. The artificial horizon in 
eonjuiietion with a suitable stop watch ai^jxnired to be a 
satisl'aetory ijidieating instrument for ()l)taijung the 
desired information. 

The results of the measurements are givc^ji in figures 
13 to 15. Figure 13 gives the time for the airplane to 
roll 10° at two speeds with the flap up and at two speeds 
with tlie flap down. No reason being apparent for 
changing angli^s ix^tween items a and b of the require- 
jnents, figure 13 was prepared on the basis of a single 
arbitrarily chos(Mi angle. Tlie speeds for lh(^ firsts were 
not in strict accordajice with those of the re(|iiirenu'nts. 
Figure 13 shows that vStinson ailerons will meet tlu^ 
conditions suggested in item a of the requin^nients. 
Tests were not made at a speed of 2 miles per hour 
above the stall \\'ith the flaps down because observa- 
tions had shown that the airplane could be stalled at 
that speed by abrupt use of the ailerons. 

Figures 14 and 15 present the data on aileron power 
in terms of the maximum rolling aeec^h^ration and the 
nuiximum rolling velocity. These figures sliow tliat, 
although the aileron effectiveness is not iji direct pi'o- 



portion to the deflection, the variation with deflection 
is smooth and progressive. 

AILERON FORCES 

Requirement. — 

a. The force required to attain the aileron reactions 
listed under the section Aileron Power shall not exceed 
50 pounds ap{)lied tangentially at the rim of tln^ wheel. 
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(b) Flap down, power oil, 
fKiUHE 13.— Time to roll 10° with ailerons. 

b. The aileron force shall be approximately pi'opor- 
tional to the aileron deflection. 

Procedure. — The information relating to these re- 
quirements may be obtained by supplementing tlu^ 
procedure listed in the section Aileron Power witb 
measiireiuents of aileron forces. 

Results and discussion. — The data have been plotted 
in figures 13 to 15. For the highest test speed, the 
figures show that 40 pounds were required for full 
deflection of the ailerons. At all speeds, the ailcTon 
forces varied somewhat in proportion to the aileron 
deflection. Although the variation was not strictly 
linear, the curve was smooth and sliowed no abrupt 
changes in slope. 

YAW DUE TO AILERONS 

Requirement, — At speeds beyond 10 percent more 
than the minimuui speed, the aflerons shall not produce 
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a yawing acceloration greater than one-tenth the accel- 
eration in roll. At speeds below 10 percent more than 
the minimum, the acceleration in yaw shall be less than 
oiK^-fiftli tlio i}cc(^l(M*ation in roll. 

Procedure. — The information relating to this re((uiie- 
ment may be obtained by supplementing the procedure 
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(b) Air speed, 122 miles per hour. 
Figure 14.— Aileron characteristics. Flap up, power off. 

listed in the section Aileron Pow(^r witli ]ueasiirejiients 
of angular motion of yaw. 

Results and discussion. — The information obtained 
has been plotted in ligures 13 to 15. For no condition 
was the yawing acceleration caused by the aileron as 
great as one-tenth of the rolling acceleration. Simi- 



larly, the airplane did not yaw 1° in th(^ timt^ taken to 
obtain a bank of 10°. 

.\ILERON TRIMMING TABS (NOT APPLICABLE TO STINSON) 

Requirement. — 

a. It shall be possible by the use of the aileron tabs to 
balance the airplane against the dissymmetry in loading 
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(b) Air speed, 80 miles per hour. 
Figure 15.— Aileron characteristics. Flap down, power o(T. 

corresponding to full gas tanks on one side of the center 
of gravity and empty gas tanks on the other. 

b. It shall be possible by the use of the aileron tabs to 
compensate for any rolling tendency accompanying 
steady flight with asymmetrical power conditions. 

RUDDER ( ONTROL 

RUDDER POWER 

Requirement. — 

a. It shall be possible during steady flight at 70 
miles per hour with the flaps down and 80 miles per hour 
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with the flaps up to produce a change of heading of 15° 
in 3 seconds by the use of the rudder alone. At and 
beyond 120 miles per hour, the same change shall be 
possible in 2 seconds. 

b. At 2 miles per hour above the stall with the Haps 
down, it shall be possible to make flat turns up to a 
change of heading of 10° in 2 seconds. 

c. At 20 miles per hour above the minimum speed, as 
well as at any higher speed, it shall be possible to hold 
i\ straight course w^ith the wings laterally level with 
both engines on cither side cut out and with, those on 
the other side operating at full rated power. 

(1. With any three engines operating or with one out- 
board and the opposite inboard one cut out, it shall be 




0 20 ^O SO 80 100 

Percent of full rudder movement 

FiGUKE 16.— Time to yaw 10° with rudder. Flap up, power off. 



possible to hold a straight course on the ground down to 
50 miles per hour with the flaps either up or down. 

(Items c and d are not applicable to the Stinson.) 

e. The rudder efl*ectiA^eness shall be proportional to 
the rudder deflection. 

Procedure for items a and b. — Trim the airplane 
laterally and longitudinally at the desired speed. Apply 
abrupt full rudder control. Record rudder position and 
rolling and yawing velocities. Repeat with %, and 
}i rudder deflection. This procedure is similar to that 
for item b for Diliedral Effect. 

Results and discussion. — Insofar as the recording in- 
struments were concerned, these tests were made satis- 
factorily. The actual nianeuvers, however, w^re very 
violent and the requirements should preferably be re- 
written to eliminate the need for fully deflecting the 
rudder. Because of the violence of the maneuvers, the 
tests were not made with the flaps down. The results 
of the tests for the flap-up condition are given in figures 
16 and 17. The manner of presentation is similar to 
that for the aileron data. 

The data of the figures, although not conclusive be- 
cause they do not include the flap-down condition, in- 
dicate that the rudder is considerably more powerful 
than necessary to meet the recpiirements as wiitten. 
The specifications, in addition to recpiiring more violent 
maneuvers than are considered necessary, are believed 
not to define the maximum rudder power that may be 
desired. It is therefore suggested that the primary 
requirement for rudder power be based on the maximum 
angle of bank which can be held in the steady sideslip. 



The present requirement may be treated in a subsidiary 
manner similar to the requirement regarding the ability 
to change altitude with the elevator. 




Percent of full rudder moi^ement 
Ca) Air speed, 70 miles per hour. 




I <9 20 40 60 60 fOO 

Percent of full rudder moi^ement 
(b) Air speed, 120 iiiik-s per hour. 
Figure 17,— Rudder characteristics. Flap up, power off. 



Figure 17 shows that the rolling acceleration resulting 
from an abrupt rudder kick is of the order of one-half 
the yawhig acceleration. Tliis fact indicates that the 
effective dihedral is at the upper limit permitted by the 
requirements for dihedral. If the rudder specification 
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is changed, the specification for the maxiniuni dihedral 
should also be revised. It is suggested that the di- 
hedral be defined in terms of the amount of aileron 
required to hold the specified angle of bank in a steady 
sideslip. 

RUDDER FORCES 

Requirement. — 

a. It shall be possible to obtain the rudder reactions 
without applyuig a force greater than 180 pounds to the 
nukler pedals. 

b. The rudder force shall be proportional to the 
rudder deflection. 

Procedure. — The data may be obtained by supple- 
men thig the tests of the preidous section by measure- 
ments of rudder force. 

Results and discussion. — The data for rudder force 
have been plotted hi figures 17 and 18. The maximum 
force recorded was 120 pounds. At both test speeds, 
the rudder force Vi)i-ic(l almost linearly with rudder 
deflection. 

lUJDDEK TRIMMING TABS (NOT APPLICABLE TO STINSON) 

Requirement. — 

a. Dow^n to 10 percent in excess of the minimum 
speed, it shall be possible, by adjustment of the trim- 
ming tabs, to fly straight with any tliree engines operat- 
ing or with one inboard and the opposite outboard 
engines cut out with no force on the rudder pedals. 

b. Down to 20 miles per hour above the minimum 
speed, flaps down, it shall be possible with the trim- 
ming tabs to reduce to 30 pounds the force on the 
rudder pedals required for straight flight with both 
engines on either side cut out and with those on the 
opposite side operating at full rated power. 

COMBINED OPERATION OF RUDDER AND AILERONS 
EFFECTIVENESS FOR MANEUVERING 

Requirement. — 

a. It shall be possible to enter a 45° banked turn at 
140 miles per hour in 5 seconds wdthout having the 
rudder force exceed 100 pounds or the aileron force 
exceed 75 pounds. The same limitations on forces 
shall apply to a 30"^ banked turn at 200 miles per hour 
entered in 4 seconds. 

b. It shall be possible to make normal banked turns 
up to a 15° bank at speeds vntliin 5 miles per hour of 
the minimum with the flaps either up or down. It shall 
be possible with flaps either up or down to fly the air- 
plane steadily for at least 10 seconds up to the limit 
of the elevator control if the elevator control is sufficient 
to stall the airplane. 

c. It shall be possible, at speeds beyond 10 percent 
more than the minimum, to maintain a steady sideslip 
with an angle of bank of 20°. 

Procedure for item a. — At the specified speeds, make 
the required turns usmg the artificial horizon for 
reference and measure the maximum rudder and aileron 
forces. 



Procedure for item b. — Obtain the desired informa- 
tion by direct observation. 

Procedure for item c. — At a series of speeds beyond 
10 percent more than the minimum, place the airplane 
at the maximum steady sideslip that can b(i maintained. 
Obtain the angle of bank from the artificial horizon. 
Record the speed and tho rudder and the aileroj) posi- 
tiojis and the rudder and the aileron forces. 
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Figure IS.— Sideslipping characteristics. 

Results and discussion. — The results of the measure 
ment of the forces hi normal turns are given in table IV^ 
In no case do the forces approach those specified. 
TABLE IV 
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From direct observation, it was found possible to 
make banked turns with a 15° angle of bank down to a 
speed of 5 miles per hour more than the minimum for 
all conditions. With power off, the airplane handled 
normally down to the stalling speeds. With power on 
at about 3 miles per hour above the stalluig speed, an 
uncontrollable lateral oscillation of constant amplitude 
w as encountered. At the stall with power on, this os- 
cillation became unstable and the airplane consistently 
fell off to the left. With power off, the airplane could 
be controlled indefinitely beyond the stall to the limit 
of the elevator control. The flight was not veiy steady 
however, because any movement disturbed equilibrium 
conditions. 

The results of the sideslip tests are given in figure 18, 
which is hidicative of the type of data that will be 
obtained if th(» rudder and the dihedral specifications 
are changed. It will be noted that, in the sideslip, 
approximately 20 percent of the full aileron control 
was used and practically the entire rudder deflection 
was required. With power off, only at the highest speed 
could the specified angle of bank of 20° be maintained. 

CONCLUDING REMARKS 

The results of the tests of the Stinson airplane have 
indicated that the tentative schedule of flying qualities 
and flight tests is generally satisfactory. The follow- 
ing revisions are suggested: 

(a) The specification for the period of the longi- 
tudinal oscillation should be changed so as to de- 
fine the period on the basis of the empirical equa- 
tion 

P=0.2G2 V 

where P is the period in seconds and V is the air 
speed in miles per hour. The period is permitted 
to deviate from the value given by this equation 
with the power off ±5 seconds and with the power 
on ±10 seconds. 

(b) The specification relating to the amount of 
damping should be elimniated. If this omission 
seems inadvisable, the amount of dampmg should 
be based on the number of cycles for the oscillation 
to decrease to one-half amplitude instead of to one- 
fifth amplitude. 

(c) The specification for the maximum amount 
of effective dihedral should be based on the amount 
of aileron control required to obtain a specified 
amount of bank in the steady sideslip. 

(d) The rudder specification should be based on 
the maximum angle of bank that can be held in the 
steady sideslip with full rudder control. The 
present specification relathig to the change of 
heading in 1 second should be made subsidiary. 

The recording instruments used for the measurements 
functioned satisfactorily. The control-force recorder, 
however, is cumbersome and difficult to mstall because , 



of the four high-pressure rubber tubes required to 
connect the recorder to the indicator. In order to im- 
prove the situation regarding this iiistrumejit, the deci- 
sion has been made to convert it to an indicator by hi- 
stalling four indicating pressure gages directly on the 
wheel. Thus, in future hivestigations, a recordhig air- 
speed meter, an accelerometer, two turnmeters, and a 
control-position nn'oi-der will be used in conjunction 
with a wlieel-forcc indicator, a rudder-force indicMlor, 
and an indicatuig altimeter. The further use of the 
complete set of indicating instrunuMUs by the Commit- 
tee is considered inadvisable. 

The possibility of ushig only hidicating instruments 
has been demonstrated and refinements have been in- 
dicated. The refinements should include an improve- 
ment to the arrangements for photographmg the in- 
struments, probably through the use of an extra set 
especially mounted and artificially ilhmihiated, and 
should mclude modification and the calibration of the 
rate-of-turn indicator. 

The tests of the Stinson airplane iJivolvcd approxi- 
mately 20 hours of flying time. About one-fourth of 
this time may be attributed to repeat flights resulting 
from improper operation of the control-force recorder, 
which was developed and tried for the first time during 
these tests. On the basis of the experience obtained, 
it is estimated that similar tests with one center-of- 
gravity position could be repeated on another airplane 
with a total flying time of approximately 10 hours. 
The over-all time would depend on the weather condi- 
tions but, with ordinary weather, it is estimated that 
tests could be completed in 2 weeks. This estimate 
refers to tests with one propeller pitch and one center- 
of-gravity location. A change of propeller pitch is 
expected to have little efl'ect on the flying qualities aiul 
check tests at different pitch settings would add little 
flying time. The center-of-gravity changes permitted 
on most large airplanes are so great as to require a 
complete repetition of the test program; the total tune 
required would therefore depend on the number of 
center-of-gravity positions tested. Probably only the 
rearmost and the foremost positions would have to be 
tested, in which case it appears that not more than 4 
weeks would be required. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
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Absolute coefficients of moment 
(rolling) (pitching) 



N_ 
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Anglo of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 



P, 

ViD, 
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Q, 



Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient Ct= 



4. PROPELLER SYMBOLS 

P, Power, absolute coefficient C 



Torque, absolute coefficient Cq- 



_ Q 



V, 

n. 



Speed-power coefficient =-y'^^^ 
Efficiency 

Revolutions per second, r.p.s. 
Effective helix angle =tan~^^2^|;^^ 



5. NUMERICAL RELATIONS 



1 bp.=76.04 kg-m/s=550 ft-lb./sec. 

1 metric horsepower^ 1.0132 hp. 

1 m.p.h.=0.4470 m.p.s. 

1 m.p.s.=2.2369 m.p.h. 



1 lb. =0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = l,609.35 m=5,280 ft. 

1 m=3.2808 ft. 



